Two types of duplex stainless steels SAF 2205 and SAF 2305 have been selected in this study to investigate the effect of aging time and temperature on the tensile strength using (ABI) technique. Metallographic studies were conducted on heat treated duplex stainless steels to examine the phase relation ship with tensile strength.
Introduction
Duplex stainless steels are iron (Fe) chromium (Cr), nickel (Ni) alloys having an austenitic and ferritic microstructure provide combinations of properties not readily attainable by conventional single phase ferritic or austenitic stainless steels. Compared to ferritic stainless steels, they can offer improved formability, weldability, and toughness; compared to austenitic stainless steels, higher strength better corrosion resistance and improved resistance to stress corrosion cracking [1] . Because of these properties duplex stainless steels are very attractive as a structural materials in chemical plant, oil and gas production and transportation, offshore drilling and pipeline applications where both high mechanical strength and excellent resistance to localized corrosion are required [2, 3] .
During heat treatment of duplex stainless steels some transformations involving the precipitation of sigma ( ), chi ( X), (R) intermetalic phases, ( ) body centered cubic ( B.C.C ) ferrite, various carbides, and chromium nitrides, in addition to change in ferrite / austenite content and alloy recrystallization can take place [4] [5] [6] [7] . These transformations induce marked changes in mechanical properties of these alloys. The object of this work was to study the effect of various aging time and temperature on tensile strength of duplex stainless steel alloys SAF2205 and SAF 2304
Experimental Procedure Automated ball-indentation
(ABI) is relatively simple, rapid and non-destructive technique, requires small amount of material with very little specimen preparation, and can be adopted for in-situ testing on real structures. One of the advantages of (ABI) technique is that it is non-destructive, since no material is removed from the specimen. A smooth shallo spherical indentation, less than 0.3mm deep is left at the end of the test. This spherical impression is harmless to tested structure because it has no sharp edges, and so it does not introduce any stress concentration sites. Because of the small area over which the test is carried out it is possible to determine point to point variations in mechanical properties. ABI technique is a state -of the art mechanical test that measures directly the local deformation (stress-strain) behavior of the material [8] .
Materials and test method
The chemical composition of commercial duplex stainless steels SAF 2205 and SAF 2304 are given in table (1) at standard and tested condition. Fig (1) showed the microstructure of both types of duplex stainless steel alloys at as received condition. The duplex stainless steel specimens for tensile and metallographic studies were prepared by cutting (shearing process) from a sheet of 50 x 25 x 0.4 cm to required dimension 1cm x 2cm. The 2cm had been parallel to rolling direction with refinishing the sheared edges. To investigate the effect of heat treatment on tensile strength of duplex stainless steel alloys five heat treatment were carried out in this study, four of them 400c ,500c , 600 , and 800c were selected and for each of these temperature five different times 0.5 hr,10hr, 24hr, and 72hr, were selected, but for the fifth temperature (1000c ) three different times were selected which are 4min., 15min where. is ferrite and is austenite and 30min to coincide with the case as its take place during welding process . For tensile test and after the heat treatment the specimens were mechanically finished with the aid of 120 and 400 grid abrasive paper subsequently with using the water to avoid overheating. The specimens degreased using acetone then dried by hot air. Tensile tests were performed using (ABI) device. Three test cycles are selected of each heat treated specimens and average values have been calculated. For metallographic examination the specimens were mechanically finished with the aid of 120,220,320,600,and 1000 grid abrasive paper subsequently with using the water to avoid over heating, polishing has been done using diamond slurry. SAF 2304 standard
Fig (1) Microstructure of duplex stainless steel in as received conditions a.SAF2205 , b.SAF2304 (X 1500) a b Table ( 2) showed the tensile strength of average values of three tests for duplex stainless steels SAF2205 and SAF2304 .The results showed that in general, for both alloys with increasing the aging time the tensile strength increases. This increase is more noticeable in SAF 2304 compared with SAF 2205 Table ( 2) and Fig (2) showed that the tensile strength in SAF 2304 Aged at 400c is higher than that in SAF 2205 for the same condition. This can be attribute to higher Mo,Si, and N content in SAF 2205 compared with SAF 2304 as shown in table (1) . Terry and James [10] showed that the Mo acts to stabilize ferrite and austenite phases in the duplex stainless steel and retard their transformation to other phases. Tomiki Usuki [11] et al showed that with increasing Si content the susceptibility of stainless steels to sensitization retarded. Betrabet [12] showed that increasing in N content promote the formation of austenite phase and avoid precipitation of chromium carbide. Fig (3) showed the Microstructures for SAF 2205 and SAF 2304 heat treated at 400c for 72hr .This Fig. demonstrate the amount of chromium carbide in SAF 2304 is higher than that for SAF2205. Aging at 500Cº Table ( 2) and Fig (4) showed that with increasing the aging temperature from 400 Cº to 500 Cº the tensile strength increases for the same aging times in both alloys . The tensile strength increases drastically of specimens aged for long time (72 hours) and this attributed to chromium carbides, carbonitride and decomposition of ferrite phase. N. Sridhar et al [13] showed that when ferrallum duplex stainless steel (26% Cr , 3% Mo , 5.5%Ni ) aged at 500 Cº the ferrite phase revealed darkness due to precipitation of alpha prime (Cr -rich bcc phase ) and carbonitrides . Ravindaranath and Malhotra [14] also showed that when the duplex stainless steel UNS (S32550) (25%Cr, 5%Ni-3%Mo) aged at 500 Cº the ferrite phase decomposed to Fe-rich. and Cr -rich phase. Fig. (5) Showed microstructure of SAF2205 and SAF2304 aged at 500 Cº for 72 hours: The figure illustrate that the ferrite phase revealed darkness which is believed to be alpha prime also coarsens of ferrite island can be observed, These microstructures changes contribute to increase the tensile strength . Aging at 600 Cº Table ( 2) and Fig (6) showed that with increasing the aging temperature to 600Cº, the tensile strength of duplex stainless steel alloys increased compared with 500Cº and 400Cº. Table ( 2) and Fig (6) showed that the duplex stainless steels exhibit maximum tensile strength when heat treated at 600Cº for 72 hours among all of the aging temperature and times selected in this study, which reaches 1108 Mpa and 1181 Mpa respectively. Higher and lower than this temperature the tensile strength decreases. These results refer in addition to precipitation of chromium carbide, sigma phase, to partition of ferrite and austenite islands Precipitation of Sigma ( ) phase which has different crystal structure (Tetragonal Unit Cell) and lattice parameter compared with ferrite phase, and this produces dislocations and leads to increase tensile strength [15] . Fig (7) showed these metallurgical aspects in both type of duplex stainless steel SAF 2205 and SAF 2305.
Aging at 800Cº
Table (2) and Fig (8) showed with increasing the aging time at 800Cº the tensile strength of duplex stainless steels increased. This increase in tensile strength with increasing aging time was not as high as observed in specimens aged at 500Cº.
Fig (9) showed microstructure of SAF 2205 and SAF 2204 aged for 72 hours. This figure showed the redistribution of ferrite phases inside austenite phases with brake down of ferrite phase into more likely islands.
Angelini et al [16] also found that when duplex stainless steel type SAF 2205 Aged at 800 C 0 caused the precipitation of chromium nitrides inside the austenite and the dimension of austenite elemental cell decreased significantly. The lower tensile strength of specimens aged at 800Cº compared with specimens aged at 600Cº is related to that the diffusion rate of chromium atoms towards the depleted zone which is faster due to higher temperature. This should have resulted in faster replenishment of chromium depleted zone and the possibility of formation of brittle phases will be reduced. [8] Increasing the tensile strength with increasing the aging time for specimens aged at 800Cº agreed with other investigators. J.S.Kim and H.-S. kwon [17] showed with increasing the aging time at 850 the tensile strength of duplex stainless steel 25% Cr, 7% Ni, 3%Mo increased but toughness and ductility significantly reduced due to precipitation of chromium carbide and nitrides.
Aging at 1000c
Table (2) and Fig (10) showed that the tensile strength of duplex stainless steels aged at 1000c decreased with increasing the aging time Fig (11) showed Microstructure of specimens aged at 30min. of duplex stainless steel SAF 2205and SAF 2304. This figure showed the coarsen of austenite phase compared with as received condition. The effect of the change in ferrite and austenite content on strength is largely attributed to the properties of the individual phases. Ferrite generally having higher strength and less ductility and toughness than austenite. [18] hence if the percentage of austenite increased the tensile strength decreases 
